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(54) Determination of the mass of a 
flowing material 

(57) The flow of material is supplied 
continuously to a container (8) via a 
compensating vessel (4) to effect 
smoothing. The weight of the material 
in the container (8) is determined 
(23 — 25) during an accumulation 
period. The container is then emptied 
at a rate so much greater than the 



maximum supply rate that the level in 
the container (8) falls. The cycle then 
repeats. Series of weight values, each 
representing one accumulation period, 
are fed to a computer. This interpolates 
values for the intervening emptying 
periods. It can then produce a true 
estimate of the mass of the flow 
during the entire procedure, 
unaffected by variations in the specific 
weight of the material. 




/ 1 

2113856 




2113358 




FIG. 2 





mm. 



FIG. 5 



f&TitJZ'J- C- 



Hi 



2113856 



kg 



mm 



S 



s 




\ 



S 



mm 

FIG. 6 




FIG. 7 



1 



GB 2 113 856 A 1 



SPECIFICATION 

Determination of the mass of a flowing 
material 

The present invention relates to a method and 

5 an apparatus for determination of values relating 
to the mass of a flow of material through a 
weighing station. 

Occasionally there is a need to record the 
weight of a material which is subjected to a mass 

1 0 flow. The material concerned can be of a liquid or 
a bulk commodity in for example the form of 
powder or granulate. There can also be a need to 
measure gaseous substances in a continuous 
flow. The results of the weighing can relate to the 

1 5 amount by weight per unit time or the total 
weight during a certain period of time or during a 
limited operation, or both. Thus it is possible to 
obtain a record of the magnitude of the flow as a 
weight per unit time and, after the operation has 

20 terminated, the total weight of the material. The 
need for such weight recording can be 
encountered during the production or 
consumption of a substance so that the capacity 
of the production or consumption unit 

25 respectively during a certain unit of time, or as a 
total during an operation, can be determined and 
checked. There is also often a need to record the 
total weight of a material which is transferred in 
the form of a mass flow from a supplier in order to 

30 decide on a payment for the material quantity 
transferred. 

Generally it is much simpler to measure the 
volume of a flow than the mass. Volumetry 
apparatus can consist of a measuring station at 

35 which the movement of the material past a 
measuring point having a certain flow area is 
measured. Here the magnitude of the flow is the 
area times the rate of movement If the specific 
weight of material is known it Is simple to convert 

40 the volume to weight, and this method is widely 
employed for determination of the weight of 
liquids. If however it is difficult to establish the 
specific weight, estimates of weight become 
unreliable if based on volume flow. This is the 

45 case with liquids having; included gases or with 
liquids having varying mixing ratios of component 
substances having different specific weights, also 
in the case of bulk materials whose weight per 
unit volume depends both on the specific weight 

50 of the component bodies and their size and shape. 
In such case where the uncertainty in weight 
determination using volume flow becomes 
excessive, instead use is made of a method 
already known whereby the flow is collected in a 

55 weighing vessel for a certain period of time, after 
which the quantity collected is weighed and 
discharged from the weighing vessel, wher upon 
the operation is repeated. This is c nsequently an 
intermittent process and in order not to interrupt 

60 the flow completely use is often made of two 
weighing vessels which function alternately, and 
between which the flow is guided. However such 
an intermittent procedure becomes complicated 
as regards control. If equipment is duplicated as 



65 mentioned above, the apparatus becomes 

extremely complicated and requires considerable 
space. 

The present invention may enable the provision 
of a method and an apparatus for weighing the 
70 flow of material which permits a continuous flow 
to and from the weighing equipment without it 
being necessary to duplicate the latter. 

According to the present invention in a first 
aspect there is provided a method for the 
75 determination of data relating to the mass of a 
material flow wherein the material is caused to 
flow essentially continuously into a container 
where it accumulates during an accumulation 
period, said container having associated weighing 
80 means whereby weight data related to the 
material collected in the container is 
determinable; after which period the container is 
at least partially emptied, whereafter further said 
material is accumulated in the container in a 
85 further accumulation period, and cycle repeats: 
wherein the outward flow rate of material from 
the container during emptying is substantially 
greater than the maximum flow rate Into the 
container so that the level in the container falls 
90 substantially during emptying: said weighing 
being effected during substantially complete 
accumulation periods, so that series of values are 
obtained, each one representing an accumulation 
period, which values are fed to calculating means 
95 where they are processed to provide said data. In 
a second aspect there is provided apparatus for 
carrying out the method. 

An embodiment of the invention will now be 
described in greater detail with reference to the 
100 accompanying drawings in which: 

Fig. 1 shows a section through an apparatus 
embodying the invention; 

Fig. 2 shows a block diagram of the weighing 
apparatus; and 
1 05 Figs. 3 — 7 are diagrams for use in explaining 
the weighing operation. 

The illustrated apparatus is suitable for use in 
conjunction with milk production. Milk is a prime 
example of a substance the specific weight of 
1 1 0 which is difficult to establish under dynamic 
conditions because of air inclusion and 
consequently foam formation. The use of machine 
milking contributes towards the inclusion of air 
and so renders conditions more difficult. As a 
1 1 5 result of the above-mentioned practical 

difficulties of weighing using known equipment, it 
has been necessary to rely on volumetric 
measurement during the production of milk. This 
however has given unreliable results, which have 
1 20 not given correct values for the quantity 
produced, either totally or per cow, or the 
changes in th flow as a functi noftim during a 
milking peration. 

Of course, the illustrated equipment may be 
125 used with all types f liquids wher there is a 
need for c ntinuous weighing. The fundamental 
principle f the method is also applicable to the 
flow of bulk material and f r certain gases. For 
this purpose however the arrangement must be ^ 
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subjected to certain m difications. 

As se n in Fig. 1 , the arrangement c nsists of 
an outer casing 1 having a chamber 2 with an 
inlet 3 and an outlet 4'. inside the inlet 3 there is 
5 a compensating vessel 4 which is open at the top 
and at the bottom opens out above a liquid 
distributor 6. The liquid distributor 6 has a 
periphery 7 over which the liquid can flow. 

Underneath the vessel 4, a weighing vessel 8 is 

1 0 situated. This is open at the top and the periphery 
7 of the liquid distributor 6 is connected to the 
inner wall 9 of the weighing vessel. The periphery 
7 of the liquid distributor follows In shape, but with a 
narrow gap, the inner wail of the weighing vessel. 

1 5 The weighing vessel is preferably cylindrical and 
in this case the liquid distributor has a periphery 
whose section is a circle, the diameter of which is 
somewhat less than the diameter of the inner wall 
of the weighing vessel The liquid distributor 6 is 

20 so arranged that the liquid flows towards the 
inner wall 9 of the weighing vessel in such a way 
that the flow of fluid does not cause any force 
components which are essentially directed 
upwards or downwards. It is advisable that the 

25 surface of the liquid distributor be provided with 
grooves, protuberances or the like so as to retard 
the flow of liquid to reduce the velocity. 

At the bottom the weighing vessel 8 Is 
provided with a base 1 0 from which a discharge 

30 tube 1 1 extends. The discharge tube is provided 
with a valve which can be changed over between 
the closed position, in which the Incoming liquid 
is collected in the weighing vessel, and the open 
position In which the liquid can flow out of the 

35 weighing vessel and further through the exit 4' of 
the casing 1. The valve illustrated in Fig. 1 
consists of an elastic sleeve with an inner wall 13 
which is pushed onto the outlet tube 1 1 and an 
end tube 1 4. Thus a free zone 1 5 is formed in the 

40 sleeve between the two tubes 1 1 and 14. The 
inner wall 13 is joined to an outer wall 16 which 
does not however need to be elastic. A chamber 
1 7 is formed between the two walls. A very 
flexible hose, by means of which a pressure 

45 medium can be allowed into the chamber 1 7 so 
that the elastic inner wall can be clamped 
together and terminate the flow, leads to this 
chamber. When the pressure in the chamber 1 7 
does not exceed the surrounding pressure, the 

50 inner wall 1 3 adopts the position illustrated in Fig. 
1 and the valve is open. 

As mentioned, the arrangement described is 
intended for weighing during milk production. 
When using milking machines the discharge 

55 channels from the udder cups which are attached 
to the cows udders are subject to vacuum. Hence 
this vacuum prevails in the inlet 3 and, as the 
arrangement is provided with the casing 1 , this 
vacuum can be maintained throughout the entire 

60 weighing arrangement, i.e. in chamber 2. The 
casing also has the task of preventing 
contamination of th material from it 
surroundings and from splashes from the 
weighing arrangement. Consequently a casing 

65 can be desirable even if the pressure during the 



weighing procedure does not differ from 
atmosph ric pressure. The inner wall 1 3 of th 
rubber sleeve in the present case has its stiffness 
so matched t the said vacuum in chamber 2 that 
70 the valve adopts the closed position if atmospheric 
pressure prevails in chamber 1 7. A control valve 
1 9 which is connected to the hose 1 8, to the 
chamber 2 via a pipeline 20 and to atmosphere 
via an inlet 21 Is provided to control the valve 12. 
7 5 the valve is adjustable by means of an 

electromagnet 22. By this means it can either 
adopt a position in which the chamber 1 7 is 
connected via the hose 1 8 with atmosphere by 
means of the inlet 21 , so that the atmospheric 
80 pressure in chamber 1 7 which is higher as 

compared with the pressure In chamber 2 causes 
the valve to close, or the control valve 1 9 can 
connect chamber 1 7 with chamber 2 via the hose 
1 8 and pipeline 20. As a result the same pressure 
85 prevails on both sides of the elastic inner wall 1 3 
and the valve adopts the open position illustrated 
In Fig. 1 . If the arrangement should be so 
designed that vacuum does not prevail in 
chamber 2, the inlet 21 can be connected to a 
90 source of pressure for introducing a medium 
under pressure. Other arrangements are also 
feasible for providing a positive pressure in 
chamber 1 7 in order to close the valve. Other 
valve arrangements are also feasible In the present 
95 case, for example a magnetic valve can be 
provided directly on the flow tube 1 1 . 

The weighing vessel 8 is suspended in such a 
way that its instantaneous weight can be 
recorded. In the embodiment shown the weighing 

1 00 vessel is mounted in two leaf springs 23 provided 
with wire strain gauges 24. By this means, in a 
known manner, the weight which is imposed on 
the weighing vessel can be measured by 
electronic means. However for such weight 

1 05 recording a large number of possible 

arrangements are available to a person skilled in 
the art, and wire strain gauges have been selected 
merely as one example. It is presupposed 
however with the method and arrangement in 

1 1 0 accordance with the present invention that the 
result of the weighing operation Is obtained in the 
form of an electrical value and some form of 
electrical transmitter must thus be present in the 
system. When the contents of the weighing 

1 1 5 vessel are to be weighed, taring for th§ intrinsic 
weight of the weighing vessel has to be carried 
out in a customary manner. 

Fig. 2 illustrates the arrangement in the form of 
a block diagram. On the left are shown the 

1 20 mechanical and hydraulic equipment described 
above, such as the casing 1 , the collection vessel 
4, the weighing vessel 8 and the valve 1 2. On the 
right fth diagram is sh wntheelectr nic 
equipment of the apparatus. This includes a 

1 25 weight transmitter which has been given the 
general designation 25, the active p rtion of 
which is thus represented in Fig. 1 by the wire 
strain gauges 24. In addition the diagram shows 
the control magnet 22 for valve 1 2 and a 

1 30 computer unit 26 for processing the signals 
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received from the weight transmitter 25. In turn 
the computer unit is connected to some form of 
display and/or recorder 27 for issuing the 
parameters which have been obtained or 

5 calculated and which are of interest in this 
context such as the weight values. If several 
weighing arrangements are designed to operate 
simultaneously, furthermore some type of 
connection is required so that the specific flow 

1 0 together with the total flow from all the 

arrangements can be read off. Since in connection 
with milk production equipment it is desirable to 
be able to read off the specific flow from each 
cow, several weighing arrangements should be 

1 5 provided and these should then be connected to a 
common computer for the simultaneous 
processing of these signals, or be connected via 
separate computers to a common display and 
preferably also recorders (indicated in Fig. 2). 

20 The mode of operation of the arrangement, and 
hence of the method will now be described by 
reference to the illustrations and to the diagrams 
in Fig. 3 — 7. As previously, the description relates 
to a milking procedure, but is applicable in its 

25 essential parts also to other operations. 

As is known, milking takes place by subjecting 
the cows udders by means of udder cups to a 
frequency of about 1 Hz and the milk Is fed to the 
vacuum system in the form of short jets of liquid. 

30 The diagram in Fig. 3 shows how the mass per 
unit time of liquid flow (kg/min) varies with time 
(min). As indicated by the diagram, initially an 
ever-increasing quantity of milk is produced per 
unit time which after a maximum then reduces 

35 until milking ceases. The total quantity of milk 
comprises the integrity of the curve shown. The 
curve corresponds essentially to the flow through 
the inlet 3. 

The milk which arrives in pulse fashion is 

40 collected In the compensating vessel 4 and at the 
same time leaves through the discharge apertures 
at the periphery 7. With the variation in quantity 
of liquid per unit time, the level of the liquid in the 
compensating vessel first rises, then falls, so that 

45 the compensating vessel is empty directly after 
milking has ceased. Hence there is a flow from the 
compensating vessel and a corresponding inward 
flow to the weighing vessel 8 which provides an 
average curve for the curve shown in Fig. 3 but 

50 displaced forwards somewhat in time because of 
the delay in the compensating vessel. If we 
require good averaging of the liquid pulses from 
the milking mechanism, the limiting frequency of 
the compensating vessel, as a low-pass filter 

55 must be chosen with respect firstly to the 

frequency of the milk pulses and secondly to the 
frequency content of the ideal average curve for 
the normal case. This means that the 
compensating vessel must not have too large a 

60 horiziontal area because then it is p ssible to 
encounter such smoothing that an almost straight 
curve is obtained for the inward flow for a major 
portion of the inward flow period. In the present 
case it is assumed that the compensating vessel 

65 has a shape and volume such that smo thing in 



accordance with the curve sh wn in Fig. 4 is 
obtained. 

Gradually as the milk flows outwards fr m the 
compensating vessel, if the valve 1 2 is cl sed, it 

70 starts to increase the volume in the weighing 
vessel 8. As already mentioned the outward flow 
to the weighing vessel should be so arranged that 
the weighing vessel is affected to the least 
possible extent by dynamic forces. Hence the 

75 value from the transmitter 25 should provide a 
correct idea of the instantaneous weight quantity 
in the weighing vessel. When the quantity in the 
weighing vessel has reached a maximum level, 
the valve 12 which has hitherto been closed is 
80 opened. As mentioned previously this is 

performed by means of an Impulse to the control 
magnet 22. When most of the liquid in the 
weighing vessel has been discharged through the 
valve and continued outwards through the outlet 
85 4 for subsequent transportation, e.g. to a 

collection tank, the valve is closed and re-filling 
of the weighing vessel starts again until its 
predetermined level is reached when the valve 
again opens, etc. The method does not 
90 presuppose that a certain level has to be reached, 
considerable variations being possible. Naturally 
the level must not exceed the position of the 
distributor 6 on the compensating vessel 4. 
Emptying also does not need to be absolutely 
95 complete, and instead a small volume can remain 
in the weighing vessel when the valve closes. This 
means that precision In valve control does not 
need to be so stringent. Control can be 
undertaken mainly in two days. Either there is 

1 00 regular, periodic time control so that the valve is 
kept closed and open for certain periods. The 
inflow and outflow should here be so matched 
that the discharge periods are shorter than the 
inlet flow periods, preferably considerably shorter, 

1 05 e.g. with a ratio of 1 : 1 0. The computer 27 Is 
provided to carry out this time control. If regular 
time control is employed, then with varying inflow 
differing levels can be encountered when 
emptying starts and small volumes can also be 

110 left behind after the emptying process. 

Alternatively the valve can be controlled as a 
function of the weight imposed on the weighing 
vessel. When a certain maximum weight is 
achieved the valve consequently opens. If there is 

115 at least some idea of the specific weight of the 
liquid, then relatively high consistancy in the level 
is obtained when emptying takes place. 
Analogously with this the valve can be controlled 
so that it closes when the weight indicates that the 

1 20 vessel is empty. If the maximum level Is held 
constant and the viscosity of the liquid does not 
change, for a certain item of equipment the 
emptying times ar changed only as a result of 
themagnitud ofth simultane us inflow. 

1 25 During this alternating filling and emptying of 
the weighing vessel a weight value is obtained 
from the transmitt r 25 of the f rm shown in Fig. 
5. This curve shows the instantaneous mass In 
the weighing vessel (kg) and takes as a basis the 

1 30 second method with fixed weight values at the 
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start of emptying. This curv thus comprises a 
number of weighing peri ds (a) during which 
filling takes place with int rvening periods of time 
(b) during which emptying takes place with 
5 simultaneous filling since the inward flow occurs 
without interruption. Since each emptying step 
starts at the same weight value, the periods (a) 
will vary in length because the inward flow is not 
constant. Thus the periods become longer 

1 0 towards the ends of the curve than with the 
greater flow in the centre of the curve. When the 
milking operation is terminated it may occur that 
the residual amount is not sufficient to fill up the 
vessel for the last time. In such a case the 

1 5 computer should be arranged to empty the vessel 
if the value remains constant for a certain period 
of time. This is indicated by a straight line at the 
end of a curve. The weight value which can be 
recorded during the emptying periods is not of 

20 any interest, because it does not provide a correct 
idea of the weight which has flowed through the 
system during the emptying period (b). During 
the weighing periods (a) however the curve 
obtained represents a significant sampling 

25 of the true flow fed to the weighing vessel 
during this period. This significant sampling 
data is incorporated in the memory of the " 
connected computer for further processing. Here 
calculations are made primarily of the time 

30 derivatives of the sampling curve portions, 
whereby the measured values are obtained as 
shown in Fig. 6. By suitable further programming 
of the computer.it is now possible inter alia to 
perform the following operations on the derivative 

35 curve as shown in Fig. 6 

Integration of the derived value during a 
sampling period and comparison with the 
measured weight increase during the sampling 
period. If deviations have occurred, the derived 

40 data is correspondingly corrected. 

Interconnection of the curve portions of the 
sampling periods by application of built-in 
continuity criteria. These are determined by the 
low-pass characteristic of the compensating 

45 vessel, the derivatives of the main components of 
different orders, etc. 

Calculation of various data of interest in this 
context, e.g. total weight, the time derivatives of 
the flow, etc. 

50 Fig. 6 illustrates the appearance of the partial 
curves for the weighing periods (a) after 
derivation. Hence these curved portions represent 
the rate of filling in mass. The integral of the curve 
for the added time periods (a) provides the weight 

55 which is supplied to the weighing vessel during 
these time periods. The cumulated Integral of the 
curve in Fig. 6 thus provides only a partial weight 
for the total mass flowing through, because no 
information is available regarding the flow during 

60 the emptying periods. 

To be able to obtain a correct presentation of 
the instantaneous mass quantities and the total 
mass flowing through during the operation a 
curve is required which c rresponds t the curv 

65 in Fig. 4. The way In which this can be achieved 



has been outlined fundamentally above. In 
accordance with th invention the computer 26 is 
thus arranged to transform the curve in 
accordance with Fig. 6 into a curve which closely 
70 resembles the curve in Fig. 4. The portions of the 
curve in Fig. 6 which are located within the 
measuring periods (a) must thus be linked with 
curve portions which cover the emptying periods 
(b). Each of the curve portions within the periods 
75 (a) denotes the specific mass flow for each 
moment of the filling operation and this specific 
mass flow is calculated by the computer for each 
filling period (a) taking as a basis the recorded 
successive increase in weight on the part of the 
80 measuring vessel. Since measurements are thus 
being made of the Increase in weight, and not of 
the accumulated weight at each moment, the 
magnitude of the weight at the start is 
unimportant. In other words it is not necessary to 
85 ensure that the measuring vessel is empty when the 
next measuring period starts. This is important 
because in such a way there is not only less need 
for precision in the control process, but also 
because the amounts of liquid remaining behind 
90 on the vessel walls exercise no effect. 

In order to complete the curve the computer is 
designed to extrapolate a curve for the 
immediately preceding measuring period (a) so 
- that the curve bridges the emptying period (b). 
95 Furthermore smoothing can take place so that 
the extrapolated curve joins the starting point of 
the curve for the next measuring period. If the 
change in the flow volume takes place relatively 
slowly, the latter-mentioned step Is not likely to 

100 be necessary. 

Fig. 7 shows the appearance of the final curve. 
Here the curve portions plotted during the 
measuring period are denoted by solid lines whilst 
the extrapolated portions are indicated by dotted 

1 05 lines. As can be seen, this curve approximates 
very closely to the curve shown in Fig. 4. From 
this curve it is possible to read off the magnitude 
of the instantaneous mass flow for each moment 
and, by integration of the curve, it Is possible to 

1 1 0 obtain the total amount by weight during a certain 
period of time or during an operation which has 
terminated. 

No detailed account will be given here of the 
way in which the computer should be set up in 

1 1 5 order to provide the said extrapolation. However, 
by way of example it can be mentioned that with 
a digital method of measurement the digital 
values can be successively added to the value 
which has been previously summated in step with 

1 20 the increase in the weight during the measuring 
periods. Thus the specific amount of the mass 
fl w is obtained by way of the number of weight 
units which ar added for each time unit (the 
curve shown In Fig. 6 Is obtained). Extrapolation 

1 25 can then take place by setting up the computer so 
as t continue the additi n also during the 
emptying periods and then at the same rat which 
formed the termination of th measuring period 
immediately prior to this (shown in Fig. 7) or 

130 possibly in accordance with an av rage of the 
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addition within the same. In the event of reducing 
flow (right-hand portion of the curve) the same 
method is used, but subtraction is employed 
Instead of additions. 
5 As a result of the data processing of the 
Incoming weight values which occurs, several 
functions can be determined for the mass. In 
many instances the most important value is likely 
to be the value of the total weight during a certain 

10 weighing operation, as stated in the preamble. 
However there can likewise be reason to 
determine and to print out values comprising 
various differential and integral values for the 
weighing operation which is in progress or has 

1 5 been terminated. For example it is often useful to 
obtain a value for the specific mass flow such as 
the weight per unit time and the change In this 
value during the weighing operation. 
Finaliy it should be mentioned that the 

20 compensating vessel which is provided to prevent 
excessive oscillations in the system if the 
incoming flow is uneven can be replaced by other 
arrangements. Thus an electrical low-pass filter 
can be employed for averaging of the incoming 

25 measured values and the weighing vessel can 
hence be permitted to oscillate. An uneven 
incoming flow can also be smoothed out by 
damping the weighing vessel using a mass or for 
example by hydraulic damping. Furthermore it 

30 should be mentioned that if there is no damping 
arrangement at all either up-stream of, in 
conjunction with, or down-stream of the weighing 
vessel in the event of oscillations it is possible to 
obtain an average value for presentation by 

35 means of computer processing. On this point 
reference should be made to known program for 
determination of regression curves. 

Claims 

1 . Method for the determination of data 

40 relating to the mass of a material flow wherein 
the material is caused to flow essentially 
continuously into a container where it 
accumulates during an accumulation period, 
said container having associated weighing 

45 means whereby weight data related to the material 
collected in the container is determinable; after which 
period the container is at least partially emptied, 
whereafter further said material is accumulated in 
the container in a further accumulation period, and 

50 the cycle repeats; wherein the outward flow rate 
of material from the container during emptying is 
substantially greater than the maximum flow rate 
into the container, so that the level in the container 
fails substantially during emptying; said weighing 

55 being effected during substantially complete 
accumulation periods, so that series of values are 
obtained, each one representing an accumulation 
period, which values ar fed t calculating means 
where they are processed to provide said data. 

60 2. A method according to claim 1 wherein the 
calculating means processes said series of values 
to determine corresponding series of calculated, 
probable values f r the emptying periods, by 
means of which approximate values relating t 



65 the mass of the material flow are determined. 

3. A method according to claim 1 or claim 2 
wherein during accumulation periods the 
calculating means calculates values representing 
successive sections of a curve showing the mass 

70 supplied per unit time in which curve there are 
interruptions which represent the emptying 
periods, and further calculates the approximate 
values for the interruptions on the basis of the 
Information relating to adjacent portions of the 

75 curve. 

4. A method for the determination of data 
relating to the mass of a material flow 
substantially as herein described with reference to 
the accompanying drawings. 

80 5. Apparatus for the determination of data 
relating to the mass of a material flow by means 
of the method in accordance with claim 1 , said 
apparatus comprising a container, weighing means 
associated with the container whereby weight 

85 data related to its contents are obtainable; supply 
means for supplying the material flow 
substantially continuously to the container; and 
controllable emptying means for at least partially 
emptying out the material collected from the flow 

90 in the container; the supply and emptying means 
being so mutually matched as regards their 
capacity that in use the flow of material from the 
container during emptying is so much faster than 
the supply of material at the maximum flow 

95 delivered by the supply means that a substantial 
reduction in the level in the container is obtained 
during emptying; calculating means connected to 
the weighing means and the emptying means, 
said calculating means being arranged: (a) to 
1 00 control the emptying means so that accumulation 
periods during which the emptying arrangement 
is inactivated alternate with emptying periods 
during which the emptying arrangement is 
activated to effect said at least partial emptying 
1 05 of the container; and (b) to receive said weight 
data and process it to provide the desired output 
data. 

6. Apparatus according to claim 5 wherein said 
calculating means is a computer which is 

1 1 0 arranged to receive as said data from the 

weighing means series of instantaneous weight, 
values for substantially complete accumulation 
periods so that, In use, series of values, each 
representing an accumulation period, are received 

1 1 5 by the computer and used to determine 

corresponding series of calculated, probable 
values for the emptying periods, and thus to 
calculate data relating to the material flow during 
the entire period. 

1 20 7. Apparatus according to claim 5 or claim 6 
having means for smoothing out oscillations in 
the material flow r in the data related thereto. 

8. Apparatus acc rding to claim 7 wherein the 
supply m ans is arranged to perform the said 

125 smo thing out f scillations in the flow f 

material in that it comprises a sm othing vessel 
which is arranged in use to receive the flow and to 
pass it n to the container in the form of a 
smo thed flow. 
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9. Apparatus acc rding to any of claims 5 to 8 
for use with milking installations of the vacuum 
type, and wherein the container, the supply 
means and the emptying means are enclosed in 
5 an air-tight casing in which a vacuum suitable for 



the milking installati n is maintained. 

10. Apparatus forth d terminati n of data 
relating t the mass of a material flow 
substantially as her in described with reference to 
0 the accompanying drawings. 
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